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(57) ABSTRACT

A journal bearing includes a main body and a connection
portion. The main body extends radially outward from a
central cavity to an interface surface. The connection portion
supports an end of the main body and extends radially around

the central cavity. The connection portion has a dimension
selected as a proportion of a reference dimension of the main
body to achieve a desired spring rate for the journal bearing.
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EPICYCLIC GEAR SYSTEM WITH LOAD
SHARE REDUCTION

BACKGROUND

The present invention relates to gas turbine engines, and
more particularly, to an epicyclic gear system for use in gas
turbine engines.

Epicyclic gear trains are complex mechanisms for reduc-
ing or increasing the rotational speed between two rotating
shafts or rotors. The compactness of planetary or star system
gear trains makes them appealing for use 1n aircrait engines.

The forces and torque transierred through an epicyclic gear
train place tremendous stresses on the gear train components,
making them susceptible to breakage and wear. For example,
the longitudinal axes of an epicyclic gear train’s sun gear, star
gear, and ring gear are ideally parallel with the longitudinal
axis of an external shait that rotates the sun gear. Unfortu-
nately, many components in the epicyclic gear train are gen-
crally not effectively aligned due to numerous factors includ-
ing 1mbalances 1n rotating hardware, manufacturing
impertections, and transient flexure of shafts and support
frames due to aircrait maneuvers. Due to the rarity of coaxial
alignment, each star gear transiers varying amounts of torque
and loads from the sun gear to the ring gear. To account for
these varying amounts of torque on the star gears, one must
design each star gear and its corresponding journal bearing
(which mounts the star gear to a gear carrier) to carry greater
torque than the average torque on all the star gears/journal
bearings combined. Typically, each star gear and 1ts corre-
sponding journal bearing are designed to withstand a torque
of about 3’7 percent higher than the mean torque across all the
star gears. Unfortunately, by designing each journal bearing
and star gear to withstand torque about 37 percent higher than
the mean torque one must sacrifice epicyclic gear system size
and weight. This leads to greater epicyclic gear system size
and weight 1n the aircraft engine. Additionally, precise jour-
nal bearing and star gear tolerances are required to achieve the
3’7 percent design factor, increasing overall manufacturing
cost of the epicyclic gear system.

SUMMARY

According to the present mmvention, a journal bearing
includes a main body and a connection portion. The main
body extends radially outward from a central cavity to an
interface surface. The connection portion supports an end of
the main body and extends radially around the central cavity.
The connection portion has a dimension selected as a propor-
tion of a reference dimension of the main body to achieve a
desired spring rate for the journal bearing.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic cross-sectional side view of a gas
turbine engine with an epicyclic gear system.

FI1G. 2 1s a schematic cross-sectional view of one embodi-
ment of the epicyclic gear system of FIG. 1.

FIG. 3 1s a schematic cross-sectional view of a journal
bearing showing the geometry of the journal bearing 1n non-
dimensionalized unaits.

FI1G. 4 1s a diagrammatic view of the entire epicyclic gear
system taken along section 4-4 of FIG. 2.

DETAILED DESCRIPTION

FIG. 1 1s a schematic cross-sectional side view of gas
turbine engine 10. Gas turbine engine 10 mncludes low pres-
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sure unit or pack 12 (which includes low pressure compressor
14 and low pressure turbine 16 connected by low pressure
shaft 18), high pressure unit or pack 20 (which includes high
pressure compressor 22 and high pressure turbine 24 con-
nected by high pressure shait 26), combustor 28, nacelle 30,
fan 32, fan shait 34, and epicyclic gear system 36. The epi-
cycle gear system 36 includes star gear 38, ring gear 40, and
sun gear 42. The general construction and operation of gas
turbine engines 1s well-known 1n the art.

As shown in FIG. 1, low pressure unit 12 1s coupled to fan
shaft 34 via epicyclic gear system 36. Sun gear 42 1s attached
to and rotates with low pressure shaft 18. Sun gear 42 1s
rotatably mounted on low pressure shait 18. Ring gear 40 1s
connected to fan shaft 34 which turns at the same speed as fan
32. Star gear 38 1s enmeshed between sun gear 42 and ring
gear 40 such that star gear 38 rotates when sun gear 42 rotates.
Star gear 38 1s rotatably mounted on the stationary gear car-
rier (not shown) by stationary journal bearing (not shown).
When low pressure unit 12 rotates, epicyclic gear system 36
causes fan shaft 34 to rotate at a slower rotational velocity
than that of low pressure unit 12, but in the opposite direction.

In an alternative embodiment to the embodiment shown 1n
FIG. 1, epicyclic gear system 36 can be configured 1n a
different manner sometimes called a planetary gear system.
In this alternative configuration, star or “planet” gear 38 are
rotatably mounted on the gear carrier by bearings. Star gear
38 meshes with sun gear 42. Mechanically grounded, inter-
nally toothed ring gear 40 circumscribes and meshes with star
gear 38. Input and output shaits extend from sun gear 42 and
the gear carrier respectively. During operation, the input shaft
rotatably drives sun gear 42, rotating star gear 38 about its
own axis, and because ring gear 40 1s mechanically grounded,
causes star gear 38 to orbit sun gear 42 in the manner of a
planet. Orbital motion of star gear 38 turns the gear carrier and
the output shaft in the same direction as the mput shatt, but
slower.

The present application describes epicyclic gear system 36
that has a journal bearing geometry and a flexible connection
of the journal bearing (not shown) to the gear carrier (not
shown) which optimizes torque carrying capacity of star gear
38. In particular, radial thickness of a connection portion of
the journal bearing and thickness of the gear carrier (to which
the journal bearing 1s mounted) are optimized to achieve a
desired spring rate for the star gear/journal bearing combina-
tion that better distributes and balances torque between star
gears 38 1n epicyclic gear system 36. In this manner, star gear
38 and the journal bearing need only be designed to withstand
an average torque of about 10 percent above the mean torque
experienced by all star gears 38 1n epicyclic gear system 36.
By lowering this design factor, epicyclic gear system 36 size
and weight can be reduced and the required tolerances for
components such as star gears 38 can also be reduced. Addi-
tionally, an increase 1n the ability of epicyclic gear system 36
to withstand shock loads such as those experienced from a
bird strike can be achieved by optimizing journal bearing
spring rate to provide for a tlexible connection between jour-
nal bearing and gear carrier.

FIG. 2 1s a cross-sectional view of epicyclic gear system 36
taken through only a single star gear 38. As discussed previ-
ously, epicyclic gear system 36 includes multiple star gears
arranged circumierentially around sun gear 42. In addition to
star gear 38, ring gear 40, and sun gear 42, epicyclic gear
system 36 includes journal bearing 44, lubricant manifold 46,
carrier 48, torque frame 49, end caps 50, and fasteners 52.
Journal bearing 44 includes connection portion 45, axial pas-
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sage 54, and radial passages 58. Radial passages 58 fluidly
connect to distribution recess 60. Lubricant mamifold 46 1s
connected to feed tube 62.

As discussed previously, 1n one embodiment, low pressure
unit 12 (FIG. 1) 1s coupled to fan shaft 34 via epicyclic gear
system 36. Sun gear 42 1s attached to and rotates with low
pressure shait 18 (FIG. 1). Sun gear 42 1s rotatably mounted
on low pressure shaft 18. Carrier 48 1s stationarily mounted
within gas turbine engine 10 (FIG. 1) by torque frame 49.
Carrier 48 has two generally interfacing faces which support
the ends of the stationary journal bearing 44. Ring gear 40 1s
connected to fan shaft 34 (FIG. 1) which turns at the same
speed as fan 32 (FIG. 1). Star gear 38 (only one 1s illustrated
although epicyclic gear system 36 includes a set of multiple
star gears) 1s enmeshed between sun gear 42 and ring gear 40
such that star gear 38 rotates when sun gear 42 rotates. Star
gear 38 1s rotatably mounted on the stationary carrier 48 by
journal bearing 44. When low pressure unit 12 rotates, epi-
cyclic gear system 36 causes fan shaft 34 to rotate at a slower
rotational velocity than that of low pressure unit 12. The
operation ol similar epicyclic gear systems and lubrication
systems for epicycle gear systems are further detailed in U.S.
Pat. Nos. 6,223,616 and 5,102,379, which are herein incor-

porated by reference.

In the embodiment shown 1n FIG. 2, stator journal bearing,
44 1s positioned 1nside of rotatable star gear 38. Lubricant
manifold 46 1s disposed adjacent to journal bearing 44 and 1s
fluidly connected thereto. Star gear 38 1s rotatably mounted
on carrier 48 by bearings. More specifically, star gear 38 1s
rotatably mounted on carrier 48 by journal bearing 44. End
caps 50 are welded or otherwise affixed to connection por-
tions 43 of journal bearing 44 and are press fit into carrier 48.
End caps 50 and carrier 48 provide support for journal bearing
44. Fasteners 352 extend through end caps 50 and connect to
carrier 48 to act as an anti-rotation feature to keep the journal
bearing 44 stationary. As will be discussed subsequently, the
radial thickness and axial length of connection portions 45 of
the journal bearing 44 and thickness of end caps 50 and/or
carrier 48 1s optimized to make the spring rate of the star gear
38 and journal bearing 44 combination more effective for
distributing and balancing torque between multiple star gears
38 1n the epicyclic gear system 36.

Axial passage 54 comprises a central cavity that 1s fluidly
connected to lubricant manifold 46. Lubricant manifold 46 1s
fed pressurized lubricant from other components of the gas
turbine engine via feed tube 62. Liquid lubricant from lubri-
cant manifold 46 1s supplied through axial passage 54 to
radial passages 38 via means of a hollow configured pin and
a fitting which interfaces the pin. After leaving cavity 56, the
lubricant tlows through radial passages 38 into distribution
recess 60 between journal bearing 44 and star gear 38. Dis-
tribution recess 60 extends along the exterior surface of jour-
nal bearing 44. The lubricating liquid forms a film of lubri-
cation on journal bearing 44 in the distribution recess 60.
From distribution recess 60 the film of lubrication spreads
circumierentially and axially due to viscous forces between
star gear 38 and journal bearing 44. The lubricant film helps to
support star gear 38 and reduce friction between the interior
surface of star gear 38 and the exterior surface of journal
bearing 44 as star gear 38 rotates. To ensure adequate thick-
ness of the lubricant film, the rate the lubricant 1s fed to the
external surface of the journal bearing 44 varies and 1s deter-
mined by the pressure profile and temperature at the interface
between star gears 38 and journal bearings 44. In one embodi-
ment, the flow rate of the lubricant provides the external
surface of journal bearing 44 with a mimmimum lubricant film
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thickness of between about 0.0254 mm (100 micro inches)
and 0.0508 mm (2000 micro inches).

Journal bearing 44 and star gear 38 are typically made of
steel. Both can be made of the same steel, with journal bearing
44 and star gear 38 typically case-hardened by carburization.
Commonly used steels include AMS 6265 and AMS 6308.
The outer surface of journal bearing 44 and the interfacing
inner surface ol the star gear 38 can be covered with or formed
by a bearing material such as a soft metal coating or solid film
coating material.

FIG. 3 shows a schematic cross-sectional view of journal
bearing 44 showing the geometry of the journal bearing. As
will be discussed subsequently, in one embodiment outer
surface 66 of journal bearing 44 serves as a reference dimen-
sion from which the other features of journal bearing 44 can
be non-dimensionally measured. In addition to the connec-
tion portions 45 and axial passage or cavity 54, journal bear-
ing 44 includes main body 68 and grooves 70. Main body 68
includes 1nner radial surface 65, outer surface 66, cantilever
portions 72, and merged portion 74. Connection portions 43
include necked regions 76. Cantilever portions 72 include lip
78.

Connection portions 45 extend from both axial ends of the
journal bearing 44. Connection portions 45 are supported by
opposing sides of carrier 48 (FIG. 2), and 1n some embodi-
ments such as the one illustrated 1n FIG. 3, are received by end
caps 50 which fit into either side of carrier 48. Thus, end caps
50 and/or carrier 48 provide a support unit for journal bearing
44 (FIG. 2).

Connection portions 45 have necked regions 76 which
connect connection portions 435 to main body 68. Main body
68 extends radially around axis of symmetry S. Inner radial
surface 63 of main body defines axial passage or cavity 34.
Outer surface 66 of main body 68 serves as the interface
between journal bearing 44 and star gear 38 (FIG. 2). Outer
surface 66 can also serve as reference dimension from which
other features of journal bearing 44 can be non-dimensionally
measured. Main body 68 and outer surface 66 can be divided
into cantilever portions 72 and merged portion 74. Cantilever
portions 72 extend axially from central merged portion 74
toward the ends of journal bearing 44. Lip 78 1s the axial end
portion of cantilever portions 72. Cantilever portions 72
derive their names from grooves 70 which are disposed radi-
ally inward of cantilever portions 72. Grooves 70 separate
cantilevered portions 72 from connection portions 45.

The geometry of journal bearing 44, in particular connec-
tion portions 45, grooves 70, cantilever portions 72 and
merged portion 74, are selected such that the resultant geom-
etry of outer surface 66 approaches a straight line in the axial
direction. In this manner, a more uniform pressure profile and
temperature approximate outer surface 66 (the interface
between star gears 38 and journal bearings 44) can be main-
taimned during operation.

In one embodiment, the length of outer surface 66 between
lips 78 provides the reference dimension for the remaining
features of journal bearing 44. In this embodiment, 1t outer
surface 66 1s given a non-dimensionalized length of 1.0 the
following non-dimensional units (discussed subsequently)
would apply to the features of the journal bearing 44. Spe-
cifically, when outer surface 66 1s the reference dimension,
axial passageway 54 has a radius R, (measured from axis of
symmetry S to mner surface 65 of connection portions 45) of
between about 0.10 and 0.30 (about 10 to 30 percent of the
length of outer surface 66). The radius R, of main body 68
(from axis of symmetry S to outer surface 66) ol journal
bearing 44 1s between about 0.65 and 0.85 (about 65 to 85
percent of the length of outer surface 66). Radial thickness T,
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ol each connection portion 45 (measured from 1nner surface
65 to outer radial surface of connection portion 45) 1s between
about 0.2 and 0.3 (about 20 to 30 percent of the length of outer
surface 66). Axial length L, of each connection portion 45
(excluding necked region 76) 1s between about 0.1 and 0.3
(about 10 to 30 percent of the length of outer surface 66).
Radial thickness T, each necked region 76 1s between about
0.10 and 0.20 (about 10 to 20 percent of the length of outer
surface 66). Each cantilever portion 72 has a length [, of
between about 10 and 30 percent of the length of the entire
outer surface 66. Each lip 78 has as a thickness of between
about 3 and 5 percent of the length of the outer surface 66.
Grooves 70 have a radius R, of between about 10° and 20°. It
1s 1important to note that other features of journal bearing 44
such as the radial thickness of the main body 68 (from inner
surface 65 to outer surface 66) or radius R, of axial passage-
way 54 could serve as the reference dimension, and therefore,
have non-dimensionalized length of 1.0. If a dimension other
than outer surface 66 1s selected as the reference dimension
and given a non-dimensionalized length of 1.0, the values
given for the dimensions above would change and would have
to be recalculated as proportions of the selected reference
dimension. However, the dimensional size of any feature of
journal bearing 44 relative to another feature would remain
constant.

Radial thickness T, and axial length L., of connection por-
tions 45 are of particular importance for determining the
spring rate of journal bearing 44, and hence, the combination
of journal bearing 44 and star gear 38 (FIG. 2). The range
grven (about 20 to 30 percent of the length of outer surface 66)
for the radial thickness T, represents the optimal radial thick-
ness for connection portions 45 to achieve a desired spring
rate for the journal bearing 44. This desired spring rate more
clfectively distributes and balances torque between star gears
38 (FIG. 2) 1 epicyclic gear system 36 (FIG. 2). In one
embodiment, the desired tangential spring rate for the journal
bearing 44 1s between about 6.0E6 1b/in (1.05E9 N/m) and
about 15.0E6 Ib/in (2.63E9 N/m). Additionally, as will be
discussed subsequently, the range given for axial length L,
(about 10 to 30 percent of the length of outer surface 66) of
connection portions 45 (excluding necked region 76) repre-
sents the optimal thickness of carrier 48 or the combination of
carrier 48 and end caps 50, to achieve more effective distri-
bution and balance of torque between star gears 38 (FIG. 2) in
epicyclic gear system 36 (FIG. 2). Axial length L, 1s impor-
tant for optimizing the distribution and balance of torque
between the star gears 38 (FIG. 2) because 1t approximates a
fronting thickness of carrier 48 (FI1G. 2) or the combination of
carrier 48 and end caps 50. The fronting thickness 1s the
distance the carrier 48 interfaces with connection portion 45.
By increasing or decreasing the fronting thickness one can
vary the amount of deflection 1n carrier 48 or combination of
carrier 48 and end caps 50, and hence, increase or decrease the
spring rate of journal bearing 44 mounted therein to achieve
the desired spring rate. Because journal bearing 44 1s sup-
ported on both axial ends by carrier 48 or the combination of
carrier 48 and end caps 50, the thickness of carrier 48 or the
combination of carrier 48 and end caps 50 contributes to the
spring rate of journal bearing 44, and hence, to the spring rate
of the combination of journal bearing 44 and star gear 38
(FI1G. 2). By optimizing the spring rate of the combination of
journal bearing 44 and star gear 38, one can achieve better
distribution and balance of torque between star gears 38 1n
epicyclic gear system 36. By more effectively distributing
and balancing torque, the size, weight, and rate of wear 1n
epicyclic gear system 36 can be reduced. Additionally, other
benefits (some discussed previously) can be achieved by opti-
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6

mizing the geometry of journal bearing 44 and carrier 48 (or
carrier 48 and end cap 50 combination) as disclosed herein.

FIG. 4 shows a schematic, view of the entire epicyclic gear
system 36 taken along section 4-4 of FIG. 2. Because FIG. 4
shows the entire epicycle gear system 36 a plurality of star
gears 38 are 1llustrated. These star gears 38 are mounted on
carrier 48 (not shown) by a plurality of journal bearings 44. In
addition to the components previously discussed the epicy-
clic gear system 36 includes battles or spray bars 80.

As discussed previously with reference to FIG. 2, lubricant
introduced into the journal bearing/star gear interface spreads
axially and circumierentially to form a load supporting lubri-
cant film between journal bearing 44 outer surface and star
gear 38 inner surface. After forming a film between journal
bearing 44 and star gear 38, lubricant 1s discharged from the
axial extremities of the bearing interface. Substantially all of
the discharged lubricant 1s directed into the sun/star mesh,
partly because of the presence of the nearby batile 80. The
directed lubricant cools and lubricates the sun and star gear
teeth and then 1s expelled from the sun/star mesh. The adja-
cent baflle 80 then guides substantially all of the expelled
lubricant radially outwardly into the star/ring mesh. The
lubricant 1s then ejected from the star/ring mesh and centrifu-
gally channeled away from epicyclic gear system 36.

Optimized radial thickness T, (FIG. 3) of journal bearing
44 and thickness of carrier 48 (FIG. 2) or the combination of
carrier 48 and end caps 50 interfacing axial length L, (FIG. 3)
creates a spring rate that allows star gears 38 (and journal
bearings 44) to shift circumierentially around sun gear 42 to
more elfectively balance torque. The amount of this circum-
ferential movement around the sun gear 42 1s between about
0.051 mm (0.002 inches) and about 0.127 mm (0.0035 inches)
and 1s small enough such that star gears 38 do not come into
contact with adjacent battle 80. In this manner, each star gear
38 and journal bearing 44 need only be designed to withstand
an average torque of about 10 percent above the mean torque
experienced by all star gears 38 1n epicyclic gear system 36.
This 10 percent above the mean torque design factor allows
epicyclic gear system 36 size and weight to be reduced and
the required tolerances for components such as star gears 38
can also be reduced. Additionally, an increase 1n the ability of
epicyclic gear system 36 to withstand shock loads such as
those experienced from a bird strike 1s also achieved.

While the invention has been described with reference to
an exemplary embodiment(s), 1t will be understood by those
skilled 1n the art that various changes may be made and
equivalents may be substituted for elements thereol without
departing from the scope of the invention. In addition, many
modifications may be made to adapt a particular situation or
material to the teachings of the invention without departing
from the essential scope thereol. Theretfore, 1t 1s intended that
the invention not be limited to the particular embodiment(s)
disclosed, but that the invention will include all embodiments
falling within the scope of the appended claims.

The mvention claimed 1s:

1. A journal bearing comprising:

a main body extending radially outward from a central

cavity to an interface surface; and

a connection portion extending axially from the main body

at an end thereof and extending radially about the central
cavity, wherein the connection portion has a dimension
selected as a proportion of a reference dimension of the
main body to achieve a desired spring rate for the journal
bearing, and wherein the reference dimension 1s a total
length of the interface surface of the main body, wherein
the dimension selected 1s a radial thickness of the con-
nection portion and the radial thickness 1s proportionally
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between about 0.20 and 0.30 of the total length of the
interface surface of the main body.

2. A journal bearing comprising:

a main body extending radially outward from a central

cavity to an interface surface; and

a connection portion extending axially from the main body

at an end thereof and extending radially about the central
cavity, wherein the connection portion has a dimension
selected as a proportion of a reference dimension of the
main body to achieve a desired spring rate for the journal
bearing, and wherein the reference dimension 1s a total
length of the interface surface of the main body, wherein
a radial thickness of the main body is proportionally
between about 0.65 and 0.85 of the total length of the
interface surface of the main body.

3. The journal bearing of claim 2, wherein the central
cavity has a radius proportionally between about 0.10 and
0.30 of the total length of the interface surface of the main
body.

4. A journal bearing comprising:

a main body extending radially outward from a central

cavity to an interface surface; and

a connection portion extending axially from the main body

at an end thereof and extending radially about the central
cavity, wherein the connection portion has a dimension
selected as a proportion of a reference dimension of the
main body to achieve a desired spring rate for the journal
bearing, and wherein the reference dimension 1s a total
length of the interface surface of the main body, and
wherein the dimension selected 1s an axial length of the
connection portion and the axial length 1s proportionally
between about 0.10 and 0.30 of the total length of the
interface surface of the main body.

5. The journal bearing of claim 4, further comprising a
support unit disposed adjacent the journal bearing and
adapted to recerve the connection portion wherein a thickness
of the support unit receiving the connection portion 1s pro-
portionally between about 0.10 and 0.30 of the total length of
the 1interface surface of the main body.

6. The journal bearing of claim 5, wherein the thickness of

the support unit recerving the connection portion corresponds
to the axial length of the connection portion and 1s propor-
tionally between about 0.10 and 0.30 of the total length of the
interface surface of the main body.

7. The journal bearing of claim 4, wherein the desired
spring rate 1s between about 6.0E6 1b/in (1.05E9 N/m) and
about 15.0E6 1b/in (2.63E9 N/m).

8. An epicyclic gear assembly, comprising:

an assembly having a ring gear, sun gear, and at least one

star gear enmeshed between the ring gear and sun gear;

a carrier disposed adjacent the rotatable sun gear and star

gear; and

a journal bearing disposed within each star gear and sup-

ported by the carrier via a connection portion, the journal
bearing having a main body extending radially outward
from a central cavity to an interface surtace which inter-
faces with the star gear;
wherein the connection portion has a dimension selected as

a proportion of a reference dimension of the main body

to achieve a desired spring rate for the journal bearing

and star gear such that the assembly more effectively
distributes and balances torque, and wherein the refer-
ence dimension 1s a total length of the interface surface

of the main body, wherein the dimension selected 1s a

radial thickness of the connection portion and the radial
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thickness 1s proportionally between about 0.20 and 0.30
of the total length of the interface surface of the main

body.
9. An epicyclic gear assembly, comprising:

an assembly having a ring gear, sun gear, and at least one
star gear enmeshed between the ring gear and sun gear;

a carrier disposed adjacent the rotatable sun gear and star
gear; and

a journal bearing disposed within each star gear and sup-

ported by the carrier via a connection portion, the journal
bearing having a main body extending radially outward
from a central cavity to an interface surface which inter-
faces with the star gear;

wherein the connection portion has a dimension selected as
a proportion of a reference dimension of the main body
to achieve a desired spring rate for the journal bearing
and star gear such that the assembly more effectively
distributes and balances torque, and wherein the refer-
ence dimension 1s a total length of the interface surface
of the main body, wherein a radial thickness of the main
body 1s proportionally between about 0.65 and 0.85 of
the total length of the interface surface of the main body.

10. The assembly of claim 9, wherein the central cavity has
a radius proportionally between about 0.10 and 0.30 of the
total length of the interface surface of the main body.

11. An epicyclic gear assembly, comprising:

an assembly having a ring gear, sun gear, and at least one
star gear enmeshed between the ring gear and sun gear;

a carrier disposed adjacent the rotatable sun gear and star
gear; and

a journal bearing disposed within each star gear and sup-

ported by the carrier via a connection portion, the journal
bearing having a main body extending radially outward
from a central cavity to an interface surface which inter-
faces with the star gear;

wherein the connection portion has a dimension selected as
a proportion of a reference dimension of the main body
to achieve a desired spring rate for the journal bearing
and star gear such that the assembly more effectively
distributes and balances torque, and wherein the refer-
ence dimension 1s a total length of the interface surface
of the main body, and wherein the dimension selected 1s
an axial length of the connection portion and the axial
length 1s proportionally between about 0.10 and 0.30 of
the total length of the interface surface of the main body.

12. The assembly of claim 11, wherein the carrier receives
the connection portion and a thickness of the carrier interfac-
ing with the axial length of the connection portion i1s propor-
tionally between about 0.10 and 0.30 of the total length of the

interface surface of the main body.

13. The assembly of claim 12, wherein the thickness of the
carrier interfacing the axial length of the connection portion is
a thickness of an end cap connected to the carrier.

14. The assembly of claim 11, wherein the journal bearing
and star gear are capable of withstanding an operational
torque on average of about 10 percent above the mean torque
experienced by all star gears in the assembly.

15. The assembly of claim 11, wherein the desired spring
rate of the journal bearing 1s between about 6.0E6 Ib/in
(1.05E9 N/m) and about 15.0E6 Ib/in (2.63E9 N/m).
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16. An epicyclic gear assembly, comprising: radial thickness proportionally between about 0.20 and
0.30 of a total length of the interface surface of the main

body.
17. The journal bearing of claim 1, wherein the central

a carrier disposed adjacent the rotatable sun gear and star 5 cavity has a radius proportionally between about 0.10 and
gear; and 0.30 of the total length of the interface surface of the main

body.
18. The assembly of claim 8, wherein the central cavity has
a radius proportionally between about 0.10 and 0.30 of the
o total length of the interface surface of the main body.

an assembly having a ring gear, sun gear, and at least one
star gear enmeshed between the ring gear and sun gear;

a journal bearing disposed within each star gear and sup-

ported by the carrier via a connection portion, the journal
bearing having a main body extending radially outward
from a central cavity to an inerface surface which inter-
faces with the star gear, the connection portion having a I I
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